The iodocyclization of 3-allyl-2-(substituted amino)-5-(unsubstituted)-and -5-(monosubstituted)-limidazolin-4-ones, which are suggested to be sensitive under such oxidative conditions, was examined; the 5-exo cyclization products, imidazo[l,2-a]imidazoles, were formed similarly to that of 5,5-dimethyl-l-imidazolin-4-ones. The scope and limitations of these cyclization were also discussed.
In previous papers, 1»-we reported a novel synthetic route to bicyclic guanidines, imidazo[l,2-a]-imidazole and imidazo[l,2-a]pyrimidine, some derivatives of which showed a hypoglycemic activity.^ The guanidines was formed by the iodocyclization of 3-(alk-2-enyl)-2-(substituted amino)-l-imidazolin-4-ones. The regiochemistry of the iodocyclization was predicted by the frontier electron densities for nucleophile [fr(N)] of the LUMOs of the corresponding iodonium ion intermediates.
The stereochemistry of the guanidines was interpreted in terms of the stereoselective formation of the iodonium ion and its successive opening by the intramolecular nitrogen nucleophile in an Sn 2 mode.-We report here the iodocylization of some 5-(unsubstituted)-and 5-(monosubstituted)-3-alkenyl-2-(substituted amino)-l-imidazolin-4-ones, which are suggested to be sensitive to such oxidative conditions. The scopes and limitations of these cyclizations will be also discussed.
Iodocyclizaion of 3-AIlyI-5-(unsubstituted)-(13) and 3-AUyl-5-(monosubstituted)-2-(substituted amino)-l-imidazolin-4-ones (14) and (15)
The imidazolin-4-ones 13-15 were obtained according to the reported procedures in fair to good yields (Scheme 1)2,4 T he reaction of 3-allyl-2-anilino-l-imidazolin-4-one (13a) with iodine (3.0 equiv.) in dimethoxyethane (DME) at room temperature gave 5-exo cyclization product, 2-iodomethyl-l-phenyl-23-dihydro-lH-imidazo[l,2-a]imidazol-5(6/i)-one (16a), in 47% yield. Utilizing potassium carbonate (K2CO3) as a scavenger of hydrogen iodide afforded an improvement of its yield up to 75%. The structure of 16a was established on the basis of its spectroscopic data in comparison with those of the related compounds previously reported.5 Similar reaction of 3-allyl-2-anilino-5-methyl-(14a) and 3-allyl-5-methyl-2-(tosylamino)-limidazolin-4-ones (14b) with iodine gave also 5-exo cyclization products 17a,b in good yields.
Imidazoimidazoles 17a,b were obtained as mixtures of two diastereomers, respectively. The stereoselectivity of the cyclization was not so high as expected. Product 17a was not so stable and the treatment of 17a with DBU (2.0 equiv.) in refluxing toluene gave 6-methyl-2-methylene-1 -phenyl-2,3-dihydro-l//-imidazo[ 1,2-a]imidazol-5(6//)-one (18) in 86% yield. Similar results were obtained in the reaction of 3-allyl-2-amlino-5-phenyl-1-imidazolin-4-ones (15a) with iodine; imidazoimidazole 19a was formed as a 1:2 mixture of two diastereomers. 
c a Based on the isolated products, b Determined by NMR spectra of the crude products. c Unidentified products were also obtained.
The reaction of 2-tosylamino substrate 15b with iodine gave a mixture of unidentified products together with 4-(hydroxymethyl)-l-(phenyloxalyl)-3-tosylimidazolidin-2-one (20) (Scheme 2). These results suggest that the iodocyclization of 5-(unsubstituted)-and 5-(monosubstituted) substrates 13-15 proceeds similarly to that of 5,5-dimethyl substrates and that some of the cyclization products are not so stable under the reaction conditions and/or purification procedures. Vol. 2 No. 4, 1996 Preparation ofBicyclic Guanidines by the lodocyclization of
The scope of the cyclization were further examined using the 2-tosylamino substrates, which are expected to be less reactive under the iodocyclization conditions. The iodocyclization of 3-(cyclohex-2-enyl)-5,5-dimethyl-2-tosylamino-l-imidazolin-4-one (27) gave 5-exo cyclization product 28 and 6-endo one 29 in 21%
and 77% yields, respectively. The structure of major product 29 was confirmed by X-ray crystallographic study^ and that of minor 28 was assigned by its spectroscopic data. These suggested that the formation of the lodonium ion 30 and its opening by the intramolecular tosylamino nitrogen proceeded in a highly stereoselective manner.
The similar reaction of 3-(3-methylbut-2-enyl) substrate 31 with iodine gave the unreacted 31 in recovery of 78%. The PM3 MO calculations of the iodonium ion 32 suggested the predominant formation of 6-endo cyclization product, although the energy difference between the frontier Orbitals (4E= 6.475 eV) of the iodonium ion 32 was somewhat larger than those of 3-allyl substrate (4E= 5.720 eV)-and 3-(but-3-enyl)
substrate 26 (ΔΕ= 5.620 eV). The similar reaction of 31 in the presence of water gave iodohydrin 33 in 78%
yield and the regiochemistry of the addition of hypoiodide was consistent with the PM3 calculation results. The treatment of 33 with DBU gave epoxide 34 in 75% yield. These results suggest that iodonium ion 32 is expected to form and that the successive nucleophilic attack of the amino nitrogen to the ion 32 is blocked probably due to a serious steric interaction between both reaction sites.^ Scheme 4. Μ. Noguchi, Η. Okada, Μ Watanabe, Η. Moriyama, Ο. Nakamura and A. Kakehi Heterocyclic Communications 
Experimental

General.
For the general details of apparatuses and procedures, see the previous paper.-^H and NMR spectra were measured on JEOL EX-270 spectrometer (at 270 MHz for 1h and 68 MHz for 13 C) in deuteriochloroform (CDCI3) solution, unless otherwise stated. Assignment of the NMR spectra of products was accomplished by ΐΗ-^Η and ^H-^C COSY spectra. Overlapping splitting patterns in !h NMR spectra are indicated as ov. Ethyl azidoacetate (4) was obtained quantitatively by the reaction of ethyl bromoacetate with sodium azide (2.0 equiv.) in 20%-aqueous methanol at r. (5 H, ov, Ph) . (But-3-enyl)amine (21), (cyclohex-2-enyl)amine, (3-methylbut-2-enyl)amine were generated in situ by the treatment of the corresponding hydrocholorides&9 with an excess of triethylamine, respectively.
Preparation
of l-Imidazolin-4-ones 13, 14, 15, 22, 27, and 31. General Procedures:
To a solution of azide 4 (0.129 g, 1.0 mmol) in dry dioxane (5 ml) heated at 50 °C under nitrogen atmosphere was added triphenylphosphine (0.262 g, 1.0 mmol) in dioxane (3 ml) and immediately nitrogen was extruded. The reaction mixture was stirred at the same temperature for 4 h and cooled down to room temperature. Phenyl isocyanate (0.108 ml, 1.0 mmol) was added and stirred for 1 h. Allylamine (0.075 ml, 1.0 mmol) was added to the reaction mixture and stirred at room temperature for 24 h. The solvent was evaporated to dryness, which was extracted with dichloromethane (3 χ 15 ml). The dichloromethane was evaporated and the residue was subjected to column chromatography on silica gel [hexane-ethyl acetate (2/1)] to give imidazolinone 13a (0.159 g, 74%). Similarly, other l-imidazolin-4-ones 14, IS, 22, 27, and 31 were prepared and their structures were fully confirmed by the analytical and spectroscopic data. The selected data are summarized as follows: To a solution of imidazolinone 13a (0.0431 g, 0.2 mmol) and K2CO3 (0.0553 g, 0.4 mmol) in DME (2 ml) was added iodine (0.152 g, 0.6 mmol) and the reaction mixture was stinred at room temperature for 2 h. The solvent was evaporated, the residue was treated with 5% sodium thiosulfate to decompose the excess of iodine, and extracted with ethyl acetate (3 χ 10 ml). The organic layer was washed with water, dried over anhydrous magnesium sulfate, and evaporated to dryness.
5,5-Dimethyl-3-(3-methylbut-2-enyl)-2-(tosylamino)-l-imidazolin-4-one
The residue was subjected to column chromatography on silica gel [hexane-ethyl acetate (1/1)] to afford S-exo cyclization product 16a (0.0512 g, 75%). 43 .1 (3-C), 62.5 (2-C), 64.1 (6-C), 119.0, 124.3, 129.6, , 158.3 (7a-C), 175.5 (5-C). Anal. Found: C, 41.97; H, 3.52; N, 12.10%. Calcd. for C12H12IN3O: C, 42.25; H, 3.55; N, 12.32%. Similarly, the iodocyclization of 14a gave 5-exo cyclization product 17a (in 84% yield) as a mixture of two diastereomers (1.1 : 1), which could not be separata! completely. Product 17a was not so stable and gradually decomposed. The treatment of 17a with DBU (2.0 equiv.) in refluxing toluene for 2 h followed by usual work-up gave 2-exo methylene 18 in 86% yield.
2-Iodomethyl-6-methyl-l-phenyl-23-dihydro-l//-imidazo [12-a] (3 Η, d, 7= 7.6 Hz, 49 (2 Η, ov , -CH">I), 3.68 (1 H, dd, 7= 11.2, 3.7 Hz, 3.98 (1 H, dd, 7= 11.2, 3.0 Hz, 4.49 (1 H, q, 7= 7.6 Hz. 6-H), 4.89 (1 H, m. 2-H), 7.14, 7.39, 7.58 (total 5 H, Ph); 13 C NMR δ= 6.8 (CH2I), 17.6 (6-Me), 42.9 (3-C), 62.1 (2-C), 70.1 (6-C), 119.2, 124.2, 129.5, 136.5 (Ph-C), 156.7 (7a-C), 178.4 (5-C). Minor: NMR δ= 1.52 (3 Η, d, 7= 73 Hz, ov, , dd. 7= 11.2, 3.7 Hz, 3.94 (1 H, dd, 7= 11.2, 2.6 Hz, 3-H), 4.45(1 H, q, 7= 7.3 Hz, 7.23, 7.42, 7.55 (total 5 H, Ph) ; 13 C NMR 6= 7.2 (CHoI), 17.6 (6-Me), 42.9 (3-C), 61.9 (2-C), 70.4 (6-C), 118.9, 124.0, 129.5, 136.4 (Ph-C), 156.7 (7a-C), 178.4 (5-C). (2 H, ov, ov, 4.43 (1 H, q, 7= 7.6 Hz, 7.38, 7.99 (each 2 H, each d, 7= 8.2 Hz,  13 C NMR δ= 8.8 (-CH2I), 17.0 (6-Me), 21.8 (Me), 43.8 (3-C), 63.6 (2-C), 71.4 (6-C), 127.9,130.1, 134.8, 145.9 (aromatic-C), 154.8 (7a-C) , 178.1 (5-C).
2-Iodomethyl-l,6-diphenyl-23-dihydro-l//-imidazo[l,2-a]imidazol-5(6f/)-one (19a): colorless crystals; mp 74-76 °C (without recrystallization due to its thermal instability); IR cm" 1 : 1730 (CO), 1660 (C=N). Anal. Found: C, 52.23; H, 4.10; N, 9.65%. Calcd. for Ci8Hi6lN30:'C, 51.82; H, 3.87; N, 10 .07%. Compound 19a consisted of two diastereomers (1.1: 1) and their ^H and ^3C NMR spectral data are shown. Major: lH ov, 3.78 (1 Η, dd, 7= 11.2, 3.3 Hz, 3.92 (1 Η, dd, 7= 11.2, 8.3 Hz, 4.93 (1 Η, m, 5.54 (1 Η, s, ov, Ph) ; 13 C NMR δ= 6.8 (-CH2I), 43.3 (3-C), 62.5 (2-C), 77.1 (6-C), 119.2, 1243 (6-C), 119.2, , 126.8, 127.9, 128.6, 129.7, 1366 . Minor:
l ov, 3.70 (1 Η, dd, 7= 11.2, 3.0 Hz, 4.00 (1 Η, dd, 7= 11.2, 8.2 Hz, 4.93 (1 Η, m, 5.48 (1 Η, s, ov, Ph) ; 13 C NMR δ= 7.4 (-CH2I), 43.2 (5-C), 61.9 (6-C), 77.5 (2-C), 119. 4, 124.4, 126.9, 128.0, 128.5, 129.7, 136.4, 136.7 (Ph-C), 157.8 (7a-C), 175.6 (5-C). : This compound was obtained as colorless needles (hexane-benzene) and revealed to be a 1:1 molecular complex of product 20 and benzene; mp 105-106 "QIRcnr 1 : 1750 (CO), 1680 (C=N); *H NMR δ= 2.44 (3 Η, s, Me), dd, 7= 11.6, 6.5 Hz, 3.64(1 H, dd, 7= 11.9, 3.0 Hz, 3.83 (1 H, dd, 7= 11.6, 3.3 Hz, 4.05 (1 H, dd, 7= 11.9, 9.2 Hz, 4.55 (1 H, m, ov, 7.36 (6 H, s,  13 C NMR δ= 9.2 (CH2I), 21.7 (Me), 45.4 (4-C), 54.1 (5-C), 128. 3-134.8, 146 .1 (aromatic-C), 128.7 (benzene-C), 149.4 (2-C), 166.f(-CO-CO-N<), 187.3 (Ph-CO-). Anal. Found: C, 50.41; H, 3.89; N, 4.53%. Calcd. for Ci9Hi7lN<>05S»C6H6: C, 50.86; H, 3.93; N, 67, 3.13 (1 H, dd, 7= 10.9, 10.6 Hz, 3.36 (1 H, dd, 7= 10.6, 3.6 Hz, -CH//I), 3.57 (1 H, ddd, 7= 13.2, 11.9, 4.6 Hz, 3.84 (1 H, ddd, J= 13.2, 5.6, 3.3 Hz, 4.09 (1 H, m, ov, Ph) ; 13c NMR δ= 4.0 (OHbl), 24.5 (6-C), 24.9, 25.0 (2-Me2), 34.3 (5-C), 58.2 (7-C), 65.6 (2-C), 127.0, 127.3, 129.8, , 4.73; N, 6, 7, C NMR δ= 4.3 (CH2l) , 24.6 (6-C), 24.9, 25.0 (2-Me2), 34.3 (5-C), 57.3 (7-C), 65.6 (2-C), 121. 2, 125.7, 126.4 χ 2, 127.1, 128.4, 129.1, 129.6, 135.3, 135.5 (naphthyl-C) , 150.4 (8a-C), 184.6 (3-C). Minor: lH NMR δ= 1.22, 1.23 (each 3 Η, each s, 2-Me2), 2.46-2.56 (1 H, ov, 6-H), 2.67-2.78 (1 H, ov, 6-H), 3.07 (1 H, dd, 7= 10.2,3.3 Hz, -CHUT), 3.17 (1 H, dd, 7= 10.2, 7.9 Hz, -CHWI), 3.57-3.68 (1 H, ov, 5-H), 3.82-4.00 (2 H, ov, 5-H), 4.15 (1 H, m, 7-H), 7.4S7.94 (7 H, ov, naphthyl-H); 13 C NMR δ= 4.5 (CH2D, 24.7 (6-C), 25.1, 25.6 (2-Me2), 34.4 (5-C), 60.6 (7-C), 65.9 (2-C), 123. 2, 125.6, 126.1 χ 2, 126.7, 128.8, 129.3, 131.1, 134.7, 137.4 (naphthyl-C) , 150.4 (8a-C), 184.4 (3-C). 2, 6, 7, (2 Η, t, 7= 6.3 Hz, 3.70 (2 H, t, J= 6.3 Hz, 3.79 (1 H, s, =CHH), 4.16 (1 H, s, =CH/7), ov, Ph) ; 13 C NMR δ= 24.7 (2-Me2), 28.9 (6-C), 37.2 (5-C), 66.6 (2-C), 93.2 (=CH2), 128. 2, 129.0, 129.8, , 150.1 (8a-C), 184.1 (3-C). Anal. Found: C, 67.83; H, 6.82; N, 15.74%. Calcd. for C15H17N3OI/2H2O: C, 68.18; H, 6.81: N, 15.90%. 2, 6, 7, Found: C, 57.68; H, 5.76; N, 12.59%. Calcd. for C16H19N3O3S: C, 57.64; H, 5.74; N, 12.60%. 2, 6, 7, pyrimidin-3(2H)-one (24c): colorless plates (hexane-benzene); mp 147-148 °C; IR cm"l: 1730 (CO), 1620 (C=N); J H NMR δ= 1.21, 1.29 (each 3 Η, each s, 2-Meo), 2.86 (1 H, ddd, J= 15.2, 6.6, 5.9 Hz, 2.91 (1 H, ddd, 7= 15.2, 6.6, 5.9 Hz, 3.57 (1 H, s, =CHH), 3.78 (1 H, ddd, 7= 13.5, 6.6, 5.9 Hz, 5H), 3.84 (1 H, ddd, 7= 13.5, 6.6, 5.9 
